The present study deals with the four species of genus Cenchrus L. based on population analysis from different localities in Haryana and adjoining hills of Shiwalik area. These species i.e., C. biflorus, C. ciliaris, C. pennisetiformis and C. setigerus differ from each other morphologically as well as cytologically. In C. biflorus, cytological studies have been made on 23 populations from the study area and three cytotypes (n=16, 17 and 18) are detected. In C. ciliaris, most commonly found species of the genus, 48 populations were studied and four cytotypes with chromosome numbers n=16, 17, 18 and 36 are found. The population analysis revealed that the tetraploid cytotype (n=18) based on x=9 is better adapted as compared to the other three cytotypes. The tetraploid and aneuploid cytotypes are almost morphologically similar, whereas octaploid shows lot of gigantism. All the studied cytotypes of C. ciliaris show meiotic abnormalities. In C. pennisetiformis, two cytotypes with n=17 and 18 are observed, which were found to be morphologically similar with abnormal meiotic course. In this species, 2n=34 is a new chromosome report. The fourth species C. setigerus, also shows similar cytotypes with n=17 and 18, based on the study of 49 populations. These cytotypes are morphologically indistinct and show overlapping morphometric characters.
Family Poaceae is the third largest family among the angiosperms with about 898 genera and 10000 species (Tzvelev 1989) , which is represented in India by about 268 genera and 1200 species (Moulik 1997) . The family has vast economic importance and it also exhibits lot of cytological variation. The family exhibits lot of cytological diversity with most documented cytological evidences such as polyploidy, aneuploidy, apomixis, etc.
The genus Cenchrus belongs to the tribe Paniceae of Poaceae. The genus is represented with 25 species (Watson and Dallwitz 1992) and seven species are reported from Indian subcontinent (Bor 1960) . It is distributed throughout the tropical and subtropical parts in world. The main characteristic features of the genus are: presence of involucres of spines and rigid bristles united at the base into a hard cup. Taxonomically, the genus Cenchrus is separated from the genus Pennisetum by involucral bristles fused at their point of origin (Nath et al. 1970) . Some of the species of the genus are used as fodder and three species (C. ciliaris, C. echinatus, C. myosuroides) are considered as important weeds as highly nutritious and palatable fodder (Clayton and Renvoize 1986) . Due to its resilience to harsh environmental conditions, it is cultivated as one of the major forage grasses in India (Bhat et al. 2001) .
The research on the cytology of grasses had been undertaken from Haryana and Shiwalik hills, Rajasthan, Kangra district, Pangi valley of Kullu, Kinnaur district and Kashmir (see Kaur and Gupta 2016a , 2016b , Gupta et al. 2017 ).
Materials and methods
Materials for the meiotic studies are collected from number of localities from Haryana and adjoining Shiwalik hills (Table 1) . Voucher specimens are deposited in the Herbarium, Department of Botany, Punjabi University, Patiala (PUN). Meiotic studies are carried out through standard smearing technique from young panicles fixed in Carnoy s fixative. For the analysis of meiotic abnormalities, a large number of PMCs was counted for each type of anomaly. Pollen fertility is estimated through glycero-acetocarmine stainability. Wellfilled pollen grains with stained nuclei were taken as apparently viable/fertile while shriveled and unstained pollen grains are counted as sterile. Pollen grain size is measured using occulomicrometre. Photomicrographs of chromosome counts are taken from freshly prepared slides using Nikon 80i eclipse digital imaging system. Results and discussion
During the present study four species i.e., C. biflorus, C. ciliaris, C. setigerus and C. pennisetiformis have been worked out cytologically. The meiosis of the pollen mother cells (PMCs) in the species is carried on population basis. The detailed meiosis with variation in morphological characters of each cytotype has been discussed in detail as under.
C. biflorus Roxb.: This species is common in sandy habitats and flowers during July-October. It is commonly known as Indian Sandbur, Bkut and Bhurat. Cytological studies have been made on 23 populations and three cytotypes with n=16, 17 and n=18 are detected. The cytotype with n=18 is the most common. Morphologically, three cytotypes show fewer differences (Figs. 1-3 , Table 2 ). Most of the populations of any cytotype show abnormal meiosis (Figs. 12-20) . Meiotic abnormalities include, quadrivalents at diakinesis/metaphase-I (M-I), cytomixis and chromosome stickiness, laggards (zero to two per PMC) and bridges (zero to two per PMC). In some of the PMCs of the cytotype with n=18, unequal distribution of 19 : 17 is also present (Fig. 18) . These meiotic abnormalities are reflected in the form of pollen sterility and variable pollen size ( Table 2) .
The earlier workers in India reported the normal mei- otic course in the species (Mehra 1982) . The present reports of n=16, 17 and 18 confirm the previous chromosome reports from India (Vij and Chaudhary 1981) . The species exhibits intraspecific aneuploid cytotypes with n=15, 16, 17, 18 and 24. C. ciliaris L.: It is also very common in sandy habitats, and flowers in July-October. Its common name is Bufflegrass. Forty eight populations have been studied . The tetraploid cytotype (n=18), based on x=9, is better adapted to habitat and is the most common one as compared to the other cytotypes. The tetraploid and aneuploid cytotypes showed almost similar morphology, whereas the octaploid cytotype shows lot of gigantism (Table 3) . The meiotic course is found to be abnormal is all the three cytotypes (n=16, 17, 18). The meiotic events in cytotypes with n=16 (Figs. 20-22 ) and n=17 show lot of abnormalities. In the cytotype n=18, 12 populations show normal meiosis, whereas in 32 populations meiotic course is found to be abnormal due to the presence of quardrivalents at diakinesis/M-I (Fig. 26) , cytomixis at prophase-I (Fig. 27) and M-I, chromosome stickiness and non-oriented bivalents at equatorial plate at M-I (Fig. 28) , unequal distribution of chromosomes (Fig. 29) and laggards (Fig. 30) , and bridges at A-I/T-I. The quadrivalents ranges from zero to four per PMC in different populations of all the cytotypes, and their average frequency per PMC also varies. The phenomena of cytomixis, non-oriented bivalents at equatorial plate and chromosome stickiness are present in few populations with varying frequency. The laggards (zero to four per PMC) and bridges (zero to two per PMC) are seen at A-I/T-I in fewer populations. Pollen fertility varies from almost sterile to 74.0% in the tetraploid cytotype and 54.7% in aneuploid cytotype (Table 1) . However, octaploid cytotype (Fig. 31) shows normal meiosis with 82.7% pollen fertility. The pollen grains are of heterogenous size (Fig. 32) and show variation in different cytotypes.
All the present cytotypes are earlier known from India. Vij and Chaudhary (1981) reported the presence of B-chromosomes in the tetraploid cytotype (2n=36+0-2B) from Chandigarh. The species shows lot of variation in chromosome number showing both aneuploidy and polyploidy (2n=18, 32, 34, 36, 40, 44, 45, 52, 54, 64, 66, 72) in the Indian populations. The normal seed setting in the population with pollen sterility might the apomictic nature of the species. The apomixis and polyembryony are well known in the species (Fisher et al. 1954) . Present chromosome report of 2n=36 is in confirmation Size ( Length of uppermost internode (cm) 11.0-11.2 8.5-8.8 15.0-22.5 Length of 2nd internode from top (cm) 9.2-9.5 5.2-5.6 9.1-12.7 Inflorescence:
Spike length (cm) 6.9-7.1 7.2-7.5 5.7-12.9 Length of spikelet (cm) 5.5-5.6 4.9-5.0 7.1-7.5 with the earlier reports from India (Bir and Sahni 1985) . The present count of 2n=34 is a new report for the species. The tetraploid cytotype (2n=36) is more common, whereas other cytotypes (2n=34, 35, 42, 54) are relatively less common. C. pennisetiformis Hochst. & Steud.: It is commonly found in hotter and drier parts. The flowering period is July-October. It is a valuable fodder grass. Two cytotypes are reported with n=17 ( Fig. 8) and n=18 (Fig.  9 ). The cytotypes are almost similar in morphological characters (Table 4) . Meiosis is abnormal in both the cytotypes, with the presence of zero to three quadrivalents (Figs. 33, 36 ), besides normal bivalents at diakinesis/M-I. At M-I, zero to four bivalents show non-orientation at equatorial plate in 30% of PMCs. The A-I mostly shows normal 17 : 17 distribution in cytotype with n=17 ( Fig. 34 ) and zero to three laggards (Fig. 35) are seen in 23.6% PMCs (P-1) and 19.7% PMCs (P-2) at A-I/T-I. The pollen fertility is 27.8% in the tetraploid cytotype B (n=18) and 19.9% in aneuploid cytotype with n=17. The pollen grain size also differs in the two cytotypes (Table  1) .
C. setigerus Vahl.: This species is common in all type of habitats. It flowers in July-October. This species is (Table 5 ). In the aneuploid cytotype with n=17, meiosis is also characterized by zero to one quadrivalent per PMC at diakinesis/M-I (Fig.  39 ), equal distribution of chromosomes i.e., 17 : 17 at A-I (Fig. 40) , irregular distribution of chromosomes at A-I (16 : 18) (Fig. 41) and few laggards at A-I/T-I (Fig.  42 ) in all the presently studied populations. The cytotype with n=18 is normal in 14 populations, whereas 20 populations show abnormal meiosis due to the presence of zero to four quadrivalents per PMC at diakinesis/M-I (Fig. 43) , 18 : 18 chromosomes at A-I (Fig. 44 ) and zero to three laggards per PMC at A-I/T-I (Fig. 45) . In both the cytotypes, there is difference in pollen fertility and pollen grain size in different populations (Table 1) . Patil et al. (1961) recorded 2n=37 from Rajasthan with the presence of 0-5 IV , 0-1 III , 8-18 II and 0-3 I in the species. The present report of 2n=34 and 36 is in conformity with the various reports by different workers (Kaur and Gupta 2016a) . Besides, these two cytotypes (2n=34, 36), cytotypes with 2n=37, 54 and 72 are known from India, and besides these, another cytotype 2n=54 is also known from outside India. Thus, the species shows lot of intraspecific aneuploidy and polyploidy.
From globe, the genus is cytologically known with 23 species and 60 cytotypes and six species with 30 cytotypes from Indian subcontinent. Chromosome number with in the genus varies from 2n=18-102, of which 2n=34 is the dominating cytotype (32.78%), followed by 2n=36 (11.47%). Earlier, the genus was said to be monobasic with x=9 as the primary base number (Brown 1948) , further dibasic with x=9 and x=17 (Darlington and Wylie 1955) . Now a days, genus is polybasic including x=7, 9, 12 and 17 as basic chromosome numbers (De Lisle 1964 , Kharrat-Suissi et al. 2013 ). Vij and Chaudhary (1981) suggested that 2n=34 was derived by a loss of pair of chromosomes from 2n=36. During the present study, irregular meiosis has been observed with differed frequency of various chromosomal anomalies. The presence of multivalents along with bivalents at diakinesis and M-I in all the accessions of the presently studied species have been observed. Similar results were given by Nath et al. (1970) in C. ciliaris and some other members of the tribe Paniceae, and also suggested that they were autopolyploid in origin.
